Calpastatin is an inhibitor for calpain enzyme system and it has an essential role in meat quality and its tenderness. This trait is of great interest for meat industry and consumers. Molecular genetics techniques help in fishing out of molecular markers which affect the economically production traits in farm animals. Genetic polymorphism of CAST gene and its association with meat quality was reported in different farm animals including cattle, goat and sheep. This work aimed to indentify CAST/MspI genetic polymorphism and its SNPs in Egyptian sheep and goat breeds. The results showed the presence of two genotypes in 140 tested animals, GG and AG with the absence of AA genotypes. The frequencies of GG and AG genotypes in sheep were 65.9% and 34.1%, respectively whereas their frequencies in goat were 56.9% and 43.1%, respectively. The total frequencies for GG and AG genotypes an all 140 tested sheep and goat animals were 62.1% and 37.9%, respectively. The nomenclature of these genotypes was done in this study according to the different nucleotides which were identified after sequencing. The sequence analysis of A and G alleles represented a single nucleotide polymorphism (A→ → → → →G) at position 286 in the amplified fragment. These nucleotide sequences were submitted to GenBank under the accession numbers, KX722533 and KX722534 (Ovis aries, alleles G and A, respectively) and KX722535 and KX722536 (Capra hircus, alleles G and A, respectively). It is concluded that, CAST genetic polymorphisms in Egyptian sheep and goat breeds were similar to those in other sheep populations around the world where the frequencies of alleles and genotypes with G nucleotide is dominant over the others with A nucleotide. Also, A→ → → → →G polymorphism in exon 1 of CAST gene is considered a potential molecular marker for marker assisted selection concerning growth rate where the genotypes with G nucleotide is associated with the significant high weight gain in different small ruminant breeds.
One of the important characteristics in meat industry and it is of great interest to meat consumers is meat quality. So, the improvement of meat quality and its tenderness is considered one of the essential targets for meat producers (Morgan et al.,1991) . Recently, the molecular genetics helps in fishing out of quantitative trait loci which are responsible for economically important production traits. One of QTLs which is reported as an effective marker in meat quality and its tenderness is calpastatin (CAST) (Palmer et al., 1998) . Calpain system -which is responsible for skeletal muscle formation and meat tenderness after slaughter -contains u and m calpain enzymatic molecules and calpastitin is an inhibitor (Goll et al., 1998) .
Calpastatin gene is assigned to chromosome 5 in sheep (Huang and Forsberg, 1998) and goat according to the similarity of this chromosome between both species (Evans et al., 1973) . Calpastatin can affect muscle protein transformation during animal growth (Forsberg et al., 1989) . Many trials were done to resolve the variability in meat quality and its tenderness, some of them were focused on calpastatin and calpain system activity (Bertrand et al., 2001 and Riley et al., 2003) . Genetic polymorphism of CAST gene and its association with meat quality was reported in different farm animals including cattle (Schenkel et al., 2006) , goat and sheep (Chung and Davis, 2012) In Egypt, there are different major and minor indigenous sheep and goat breeds (Galal et al., 2005 and Abou-Ammou, 2006).These goat and sheep breeds are reared using minimal resources and exposed to compromised and fluctuating environmental production challenges, so they are thought to have acquired unique alleles and allelic combinations that could be important for animal productivity. The contribution of both species to the total red meat produced in Egypt is about 9.1% (MoA, 2004) . Sheep and goat meat is favorable to a large scale of population in Egypt especially in rural, desert and Badawi regions, therefore the improvement of meat quality and its tenderness is of great interest in Egypt. For this target, the present work aimed to identify the genetic and single nucleotide polymorphisms of CAST gene in six Egyptian major sheep and goat breeds.
MATERIALS AND METHODS

Animals and DNA Extraction
The blood samples were collected from one hundred and forty animals belonging to three sheep breeds, Barki (32 animals), Ossimi (28 animals) and Rahmani (22 animals) in addition to three goat breeds, Baladi (16 animals), Barki (20 animals) and Zaraibi (22 animals). Genomic DNA was extracted from the whole blood according to the method described by Miller et al. (1988) with minor modifications. Briefly, blood samples were mixed with cold 2x sucrose-triton and centrifuged at 5000 rpm for 15 min at 4°C. The nuclear pellet was suspended in lysis buffer, sodium dodecyl sulfate and proteinase K and incubated overnight in a shaking water bath at 37°C. Nucleic acids were extracted with saturated NaCl solution. The DNA was picked up and washed in 70% ethanol. The DNA was dissolved in 1X TE buffer. DNA concentration was determined, using Nano Drop1000 Thermo Scientific spectrophotometer, and then diluted to the working concentration of 50 ng/µl, which is suitable for polymerase chain reaction.
Polymerase chain reaction (PCR)
The DNA fragment of the CAST gene was amplified using polymerase chain reaction technique developed by Mullis et al. (1986) .A PCR cocktail consists of 1.0 M upper and lower primers (Gharahveysi et al., 2012) , 0.2 mM dNTPs and 1.25U of Taq polymerase. The cocktail was aliquot into PCR tubes with 100 ng of sheep or goat DNA. The reaction was cycled with the following conditions,initial denaturation for 5 min at 95°C followed by 35 cycles of denaturation at 95°C (1 min),annealing at 62°C (1 min) and extension at 72°C (2 min) and the final extension for 10 min at 72°C. The amplification was verified by electrophoresis on 2% agarose gel in 1x TBE buffer using GeneRuler TM 100-bp ladder as a molecular weight marker for confirmation of the length of the PCR products. The gel was stained with ethidium bromide and visualized on UV trans-illuminator. Ten µl of PCR product were digested with 1 ul of FastDigest MspI restriction enzymes at 37°C for 5 min. The restriction fragments were subjected to electrophoresis in 2% agarose/ethidium bromide gel (GIBCO, BRL, England) in 1× TBE buffer (0.09 M Tris-boric acid and 0.002 M EDTA). Gels were visualized under UV light and documented in FX Molecular Imager apparatus (BIO-RAD).
Sequence Analysis
The PCR products representing each detected genotype of CAST gene were purified and sequenced by Macrogen Incorporation (Seoul, Korea). Sequence analysis and alignment were carried out using NCBI/BLAST/blastn suite. Results of endouclease restriction were carried out using FastPCR. The nucleotide sequences of different alleles in Egyptian sheep and goat CAST gene were submitted to GenBank (NCBI, BankIt).
RESULTS AND DISCUSSION
Advanced molecular genetics techniques have an essential role in animal genetics field during recent decade. These techniques help in the Recently, in the way to improvement of meat quality and its tenderness, animal geneticists identified some candidate genes may have effect on meat quality (Sharma et al., 2013) . Among these candidate genes, calpastatin is considered one of the promising genes which play an important role in meat tenderness (Li et al., 2010) . Calpain system is the endogenous proteolytic system involved in skeletal muscle and meat tenderness. Calpain system includes ¼ and mcalpain enzymatic molecules in addition to calpastatin as inhibitor, so the increasing of CAST activity is associated with the reduction of meat tenderness (Gharahveysi et al., 2012) . This work focused on the identification of genetic and single nucleotide polymorphisms of CAST gene in Egyptian small ruminants toward the improvement of their meat quality through marker-assisted selection.
The amplified fragments from CAST exon 1 at 620-bp (Fig. 1) were digested with MspI endonuclease. Depending on the presence or absence of the restriction site at position 284^285 (C^CGG), the results showed the presence of two genotypes, homozygous GG with two digested fragments at 336-and 284-bp and heterozygous AG with 3 fragments at 620-, 336-and 284-bp (Fig.  2) . The nomenclature of these genotypes was done in this study according to the different nucleotides which were identified after sequencing.
In Egyptian sheep breeds, the frequencies of GG and AG genotypes were 75.0% and 25.0% in Barki,64.3% and 35.7% in Ossimi and 54.5% and 45.5% in Rahmani with the total frequencies of 65.9% and 34.1% for GG and AG genotypes, respectively. In tested goat animals, the frequencies of GG and AG genotypes were 62.5% and 37.5% in Baladi,60.0% and 40.0% in Barkiand 54.5% and 45.5% in Zaraibi with total frequencies of 56.9% and 43.1% for GG and AG genotypes, respectively ( Table 1 ).The total frequencies for GG and AG genotypes an all 140 tested sheep and goat animals were 62.1% and 37.9%, respectively. These two detected genotypes GG (Fig.  3) and AG (Fig. 4) resulted from the presence of two different alleles A and G. The sequence analysis of these two alleles represented a single nucleotide polymorphism (A→G) at position 286 (Fig. 5) which is responsible for the presence of the restriction site C^CGG at position 284^285in the allele G.The nucleotide sequences of G and A alleles in Egyptian small ruminants were submitted to GenBank under the accession numbers, KX722533 and KX722534 (Ovis aries, alleles G and A, respectively) and KX722535 and KX722536 (Capra hircus, alleles G and A, respectively).
The identification of CAST polymorphism in Iranian 100 Zel sheep was done using PCR-RFLP technique (Gharahveysi et al., 2012) It is concluded that, CAST genetic polymorphism in Egyptian sheep and goat breeds examined in this work pass along the same line of other studies which were done on small ruminant populations in different geographical locations around the world where the frequencies of alleles and genotypes with G nucleotide is dominant over the others with A nucleotide. Also, A→G polymorphism in exon 1 of CAST gene is considered a potential molecular marker for marker assisted selection concerning growth rate where the genotypes with G nucleotide is associated with the significant high weight gain in different small ruminant breeds.
